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Farm Machinery Investment Decisions 
Using Mixed Integer Programming 
DALE COLYER AND FRANCIS VOGT 
SUMMARY 
A mixed integer programming model was formulated to determine the ef-
fects of machinery purchase alternatives on optimal production plans in a farm 
adjustment model. Activities to purchase a larger tract9r with associated equip-
ment and a self-propelled combine were required to be at integer values if in the 
solution. An important aspect of requiring such activities to be in or out is the 
large capital requirement for purchasing the equipment relative to other uses 
that could be made of the limited capital available. The main benefit from the 
larger machinery is a lower labor requirement for crop production-thus permit-
ting expanded crop or livestock output. In addition the larger equipment permits 
greater timeliness in planting and harvesting operations and therefore results in 
larger yields. Other adjustment alternatives in the model included land purchase, 
beef cattle production, hog production, and expanded livestock facilities . 
Capital in the model was limited to that available on some typical farms 
of Northeast Missouri plus what could be borrowed under typical equity lending 
practices. Plans also were computed with expanded borrowing limits to more 
completely determine the effects of capital limitations on farm adjustment. Four 
representative farms, including medium and large-size farms for cash grain and 
for hog production operations, were used to determine the resource bases from 
which adjustments could occur. 
The large hog farms were the only type studied that had adequate capital 
available to justify the purchase of larger machinery under the typical borrowing 
restrictions. That is, there was an inadequate supply of capital available to si-
multaneously acquire the machinery and enough extra land to pay for it. The 
other farm types could adjust more profitably with existing machinery by inten-
sifying their cropping and livestock production and for medium-size hog farms, 
buying some additional land. Borrowing limits had to be increased substantially 
to justify the purchase of larger machines for the other farm types-especially 
for the smaller farms which also had to increase acreages considerably. Thus cap-
ital limitations can be a significant impediment to making profitable adjustment 
for many farm operations-particularly when large investments in both land and 
machinery are required. 
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INTRODUCTION 
Linear programming has become a major tool used in business planning and 
decision making. As a computational procedure for selecting the optimal (best) 
set and levels of activities from among a large number of alternatives where var-
ious requirements and restrictions exist and where the objective is given, linear 
programming is an extremely powerful tool. There is a set of restrictive assump-
tions, however, within which a problem must be formulated before a linear pro-
gramming algorithm can be used to obtain a solution. Although real world prob-
lems seldom conform perfectly to the assumptions, the procedure is sufficiently 
flexible that close approximations to reality frequently can be obtained by care-
ful specification of the processes (activities), restrictions, and coefficients. 
The assumption that all variables are completely divisible, however, fre-
quently leads to difficulties in problems where discontinuities due to lumpy in-
puts (indivisible factors) exist. The divisibility assumption means, for instance, 
that if purchasing combines is an alternative, one-fourth, one-half, or one and 
one-third combines could be purchased. Some indivisibility problems can be 
handled with linear programming but the procedure is inefficient and usually 
involves multiple solutions with different formulations of the problem. If many 
discontinuities exist in a problem, the computational burden of considering all 
the alternatives could be prohibitive. 
Farm planning and decision making research have utilized linear program-
ming for studying many problems. Frequently, machinery purchase decisions are 
important in such problems. It is illogical to consider that a 5-plow tractor and 
associated equipment or a 12-foot self-propelled combine can be purchased in 
fractional units. The capital requirements for larger machines in whole units 
may be a critical element in a decision to enlarge a farm by acquiring additional 
land where the machinery currently owned is inadequate to operate the larger 
acreage. Similarly, expansion of livestock production may involve building fa-
cilities which must be of a minimum size or may involve other discontinuities. 
Integer or mixed integer programming in which all or part of the variables 
are required to be in the solution only at unit values-O.O, l.0, 2.0, etc.-offers 
an intuitively attractive procedure for such problems. Algorithms for integer 
programming have been developed but in general are not as powerful as for 
ordinary linear programming in either computational efficiency or certainty of 
finding a solution. Thus there have been relatively few applications of the pro-
cedure to management problems. 
This bulletin reports on an application of mixed integer programming in a 
farm planning situation where farm enlargement by land acquisition is an alter-
native. Machinery and equipment purchase activities for a large tractor with as-
sociated tillage equipment and for a self-propelled combine with integer require-
ments are included in the set of alternatives along with cropping, livestock, and 
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associated activities of the usual type. Resource situations for various types of 
farms and at ah~~native levels of available capital are then tested with the model 
to determine conditions under which purchase of the machinery would be prof-
itable. 
THE MODEL 
The model formulated to test the effects of machinery purchase alternatives 
had maximization of gross profits-revenue minus variable costs-as its objec-
tive. The programming matrix consisted of 38 equations and 34 activities. Two 
of the activities were for machinery purchase and were required to be at integer 
values. These were for purchase of the large tractor and associated tillage equip-
ment-a 5-plow tractor to replace 3-plow or 4-plow units-and the purchase 
of a self-propelled combine. A major effect of purchasing larger machinery is to 
reduce the labor requirements per unit (acre) of crop produced. To allow pur-
chase of larger machinery to simulate this effect in the program, two sets of 
crop producing and harvesting activities were utilized. The first set had labor-
using coefficients that would correspond to typical requirements with the type 
of machinery existing on the representative farms in the base period. 1 The second 
set of activities cannot appear in the solution without the purchase of larger equip-
ment to provide the required machine capacity. Labor available during the plant-
ing and harvest seasons was divided into 1) total labor available for any use and 
2) that available only for specified cropping activities. The latter is much less due 
to loss of time from bad weather and the requirements of timeliness to achieve 
the specified yields. 
Equipment and harvest capacity equations for old and new equipment are 
used to prevent sets of crop activities from appearing simultaneously. In the 
initial formulation of the problem as illustrated in Table 1, capacity (in the 
RHS vector) exists for present equipment and can be utilized by crop growing 
and harvest activities with the relatively high labor requirements, while capacity 
for larger equipment is zero. Thus the crop activities with the small labor re-
quirements cannot enter the solution. When a unit of new equipment is pur-
chased the capacity for the old equipment is reduced to zero and that for the new 
equipment increased to some positive level which can be utilized by the crop 
growing or harvesting activities with lower labor requirements. The assumption 
is that the old equipment is traded in and therefore the two systems cannot be 
used in combination. Since the equipment purchase activities are required to be 
integer values, the existing capacity would be completely eliminated by use of a 
coefficient equal to the original capacity if the new equipment were purchased. 
Note, however, that tillage and harvest equipment purchases are independent 
1 The coefficients used are reproduced in the Appendix. The basis for representative farm selection will be ex· 
plained in a later section. 
0\ 
TABLE 1--MATRIX ABSTRACT SHOWING EFFECTS OF PURCHASING NEW MACHINERY 
~ 
ACTIVITIES en en 0 
One acre One acre One acre One acre C 
of crop of crop of crop of crop Purchase 2:: 
Level growing harvest growing harvest of new Purchase :> I;) 
of con- with old with old with new with new tillage of new ~ 
H 
Restrictions straint equipment equipment equipment equipment equipment* combine* n c 
r< 
>-l 
Existing Tillage Capacity 1000 1 1000 C P:I ;.-
Existing Harvest Capacity 1000 1 1000 r< tTl 
:x: 
New Tillage Capacity 0 1 -1500 'tI tt1 
~ 
New Harvest Capacity 0 1 -1500 ~ tt1 
Z 
Labor in Period X 300 7 3 4 1.5 >-l (/} 
>-l 
*Activities required to be at integer values (0 or 1). ;.->-l (3 
Z 
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and therefore old tillage and new harvest equipment or vice versa can be used si-
multaneously. Also, cash costs per unit of work might be increased with the new 
~quipment. The major benefits would accrue from being able to handle a larger 
volume of crops by intensifying, increasing the size of farm, increasing the vol-
ume of livestock handled, or by more timeliness in cropping practices and con-
sequently higher per acre yields. 
Crop growing activities in the model include corn, soybeans, wheat, and 
meadow for hay or pasture. Corn can be fed or sold and an activity to permit 
corn purchases also is included. Livestock activities include a beef cow herd from 
which feeder calves can be sold or transferred to a feeding activity, feeder calves 
purchased and fattened, yearling steers purchased and fattened, and market hog 
production with activities permitting farrowing in any of four quarters of the 
year. Additional activities include expanding beef cattle and hog production fa-
cilities, hiring labor in peak production periods, borrowing capital beyond that 
initially available, and the purchasing of additional land. 
The activities related to capital use require special mention. Liquid assets 
typically owned were used to determine the amount of cash available for operat-
ing expenses on a representative farm. All capital using activities obtained their 
funds from the cash equation. Additional capital could be acquired by borrowing 
within limits imposed by standard equity financing methods. The borrowing 
limits were calculated as one-half of the assets minus the debts of the firm. Funds 
could be borrowed up to the limit at 7 percent. Certain activities, such as feeder 
cattle purchase or adding livestock facilities, add to the farm assets and therefore 
are partially self-financing. This was simulated in the model by using a negative 
coefficient in the borrowing row for such activities. For feeder cattle 100 percent 
of the purchase price of the cattle was added to the borrowing limit and for most 
other self-financing activities 50 percent of the investment cost was added. 
Restrictions in the model in addition to machine capacities include crop land, 
permanent pasture, capital funds, borrowing limits, livestock facilities, and labor 
with the year divided into five periods. The level of most restrictions, determined 
from resources available on typical representative farms in Northeast Missouri, 
were obtained from a survey of farms in the area made for 1962 and from which 
farms were classified by size and type. 2 For this analysis, the farm types commonly 
found in the area were used. Additional restrictions, which were set at zero levels 
initially, were included for the production of grain and meadow, which are in-
termediate products having alternative uses once they are produced (or pur-
chased). 
Coefficients (input-output data) for the study are based on the levels achieved 
by the top 10 percent of corn belt producers during the early 1960's. Although 
2 Restrictions are given in Appendix Tables IV and V. For more detail on the representative farms see: Dale 
Colyer, Production of Corn, Hogs, and Beef Cattle with Optimal Farm Organizations for Representative Farms in 
Northeast Missouri-1970, Universiry of Missouri Agricultural Experiment Station, Research Bulletin 872, No-
vember 1964. 
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very efficient in comparison to current average achievements, the coefficients can 
be expected to be typical during the 1970's, assuming current trends in adop-
tion of known technology continue. The data used to calculate the coefficients 
for the programming matrix are given in Appendix Table 1. 
Prices in the study were those expected to prevail in the early 1970's. Live-
stock and crop prices are based on relationships which prevailed in the period 
from 1955-60. Costs of most production items were estimated from price trends 
of recent years adjusted for expected changes during the 1960-70 period. 3 New 
machinery prices were determined from an informal survey of equipment dealers. 
Prices for major items in the model are given in Appendix Table III. 
RESOURCE SITUATIONS 
The adjustments that are feasible and profitable for an individual farm de-
pend to a significant extent on the unique set of resources that are available. To 
develop resource situations that were realistic, actual farm data from a sample 
survey was made in 1962 for Northeast Missouri, in which farms interviewed 
were selected by a technique to insure randomness and thus to obtain data rep-
resentative of the area. Operations classified as commercial farms by the census 
definition were used to develop resource situations which were typical or repre-
sentative of the area. Then commercial farms were subdivided into groups by 
common size and enterprise characteristics. All farms within a subgroup were 
then used to determine average or modal values of particular resources for the 
representative farm of the subgroup. 
Four representative farms were selected to study the effects of machinery 
purchase alternatives with various resource si tuations. Medium and large-size 
grain and hog farms, which are typical farms in Northeast Missouri, were used 
where the size classification was based on acreage and the type on percentage 
of income derived from the particular enterprises. The farms in the survey were 
arrayed by acreage operated and then divided into three groups with an equal 
number in each group for the size breakdown since acreage variations were al-
most continuous, i.e., no natural size groupings occurred in the data. A farm 
had to receive 50 percent or more of its income from a single type of enterprise 
to be classed as a cash grain farm, hog farm, etc. Those with less than 50 percent 
from any enterprise were classified as mixed livestock farms. 
Both of the medium-sized farms averaged around 190 acres of cropland al-
though the hog farms had an average of 290 tOtal acres while the cash grain 
farms averaged only 250 total acres. Both were relatively well equipped with, 
S Prices and COSts used in trus study were used in the North Cenrral Regional Project NC-54, Supply Response 
and Adjustment in Beef Cattle and Hog Production. More detail can be obtained from Universiry of Missouri 
Agricultural Experimenr Station Research Bulletins 872, 877, 886, 890, and 894 and North Central Regional 
Research Publication 178. 
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typically, two tractors; the largest usually was a 3-plow unit. A 6-foot PTO com-
bine also was typical. Movement to a 5-plow tractor and a 9-foot self-propelled 
combine were considered as possible machinery additions for both types of farms. 
The large cash grain farms averaged 655 total acres and 509 cropland acres 
while the corresponding hog farms averaged 599 total acres and 420 cropland 
acres. A 4-plow tractor was typical on both large farms, while the representative 
cash grain farm owned a 9-foot self-propelled combine and the typical hog farm 
owned a 6-foot PTO combine. Change to a 5-plow tractor was considered as an 
alternative for both while a 12-foot self-propelled on the cash grain and a 9-foot 
self-propelled combine on the hog farm were considered feasible. These alterna-
tive types of machinery investments along with land purchase and other adjust-
ment options were used to construct the programming model. 
RESULTS OF PROGRAMMING COMPUTATIONS 
Optimal production and investment plans were computed within the restric-
tions and assumptions of the model for each representative farm with the levels 
of capital restricted by the borrowing limits. Then, in cases where machinery in-
vestment was not profitable, optimal plans were computed with additional cap-
ital made available by increasing the borrowing limits to determine if machinery 
was not purchased because of capital restrictions and if so at what levels of avail-
able capital such investments would become profitable. These latter calculations 
were made to determine the extent to which capital limitation restrictions can 
prevent the more profitable types of adjustment. 
With the average capital available and assumed borrowing limits for each of 
the four representative farms studied, the purchase of new equipment was opti-
mal only for the large hog farms. The computed optimal plans and actual 1962 
production plans for the four farms are shown in Table 2. The major types of 
profitable adjustments were intensification of the cropping system and expansion 
of the hog production enterprise. Capital was too limited on the medium-size 
farms and the large cash grain farms to enable the purchase of any machinery 
and at the same time make the more profitable types of adjustments. However, 
40 additional acres would be purchased for the medium-size hog farm under the 
optimal plans. Except for the large hog farms there would be an excess of labor 
available after expanding hog production and intensifying the cropping system. 
Thus cropland and capital were the principal limiting factors. 
The purchase of both a larger tractor and large combine was the most prof-
itable plan on the large hog farms, since these result in a substantial saving of 
labor and therefore permit intensification of the cropping system while simul-
taneously permitting about 2 Y.l times as many pigs to be farrowed and fed out. 
The typical large farm appears to be adequate in acreage operated since none 
would be purchased-although use of even larger equipment might alter that. 
In addition to capital, spring labor was a limiting factor. 
,...... 
0 
TABLE 2--1962 AND COMPUTED OPTIMAL PLANS FOR REPRESENTATIVE FARMS WITH INITIAL CAPITAL LEVELS 
MEDIUM SIZE FARMS LARGE SIZE FARMS 
Cash Grain Hog Cash Grain Hog ~ 
V; 
en 
Enterprises 1962 Optimum 1962 Optimum 1962 Optimum 1962 Optimum 0 
C 
Corn (acres) 34 116 61. 0 128 159 200 104 259 ~ 
:> 
Soybeans (acres) 79 0 22 0 183 100 63 0 4l ~ 
Wheat (acres) 13 63 8.2 65 32 0 22 125 n c 
Hay (acres) 14 15 21 20 33 17 52 36 t-' >-l 
C 
Net Corn Sales (bu. ) 1395 -329 5592 667 -1270 ~ >-
Pigs Farrowed (no. ) 30 728 29.7 798 114 1260 622 1638 t-' 
t:r1 
Beef Cows (no. ) 7 7 16 13 20 36 19 :x: 
"d 
t>1 
Feeder Cattle (no. ) 0 6 6 11 2 6 15 ~ 
Borrowed Funds ($)* 2335a 22667 b 2414a 26976b 39207a 35036b 20353a 50512b 
§:: 
t>1 
Z 
Land Bought (acres) NA 0 NA 40 KA 0 NA 0 >-l 
(/) 
Hog Capacity Added >-l 
(head) NA 364 NA 335 NA 633 NA 708 ~ 0 
Machinery Purchase NA NO NA NO NA NO NA YES Z 
aIncludes mortgage debt. 
bIn addition to mortgage debt. 
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Small beef cow herds continued to be profitable on all the farms, which 
have permanent pasrureland and facilities that otherwise could not be used. The 
beef cow herds, however, would not completely utilize the available roughage 
and could be expanded if other resources were not restrictive, i.e., if they did not 
compete with other enterprises. In all cases the calves from the cow herd would 
be retained and fed out on the farm. No other beef enterprise appeared profitable 
with coefficients and prices used for the model. 
The amounts which could be borrowed for each of the three representative 
farms where purchase of either a large tractor or combine were not optimal were 
increased by increments of $5,000 and $10,000 until one or both machine pur-
chase activities entered the solution. The plans for those solutions are given in 
Table 3. Plans for the intermediate solutions are not reported since they merely 
are variations of those reported in Table 2.4 
Between $50,000 and $90,000 in total funds available for borrowing were 
needed before one or both pieces of equipment became profitable enough to enter 
the solutions. On the medium-size cash grain farms the larger tractor unit entered 
at a capital level of $60,000 and the combine was added at the $90,000 level. 
About $75,000 was required for the tractor on the medium-size hog farm, and 
$50,000 on the large cash grain farm, at which both the tractor and combine be-
came optimal. Except on the large grain farm, additional land ranging from 187 
to 370 acres was purchased. The enterprises were similar in all the final plans 
with corn and wheat as main crops combined with a relatively large hog enter-
prise. Some meadow was produced to provide pasture facilities for farrowing and 
feeding the hogs. 
The wheat acreage in the optimal plans was abour 60 percent as large as the 
corn acreage. Wheat entered as the secondary crop primarily as a result of labor 
distribution. Soybeans compete more directly with corn for labor in some periods 
and if both corn and soybeans are produced at acreages comparable to those for 
corn and wheat there would be an inadequate quantity of labor to produce hogs 
at the programmed levels. With the prices, coefficients, and labor distribution 
used, corn, wheat, and hogs were more profitable than were corn and soybeans 
with, perhaps, a much smaller hog enterprise. 
Additional hog facilities would have to be built to handle the expanded en-
terprises. From 1,000 to about 1,600 pigs would be produced on the farms under 
the computed optimal plans. Despite these increases a surplus of corn would 
be produced enabling some cash sales (except on the medium-size hog farm) . 
The beef cow herds, typical with capital funds limited to initial available 
levels, would be eliminated in all plans with expanded capital sufficient to buy 
the machinery. Cow herds utilize many products that otherwise would be wasted 
, However at some intermediate capital levels solutions were not obtained because of failure of the program to 
converge. This results from the technique of the programming algorithm. See R. Thompson, D. Colyer, R. 
Wilson, and F. Mange, Computational Techniques Revised Edition, Research Center, University of Missouri, 
March 1967, Chapter IX. 
TABLE 3--0PTIMAL PLANS WITH EXPANDED CAPITAL LEVELS 
Enterprise Medium Cash Grain Farm Medium Hog Farm 
Capital Required: $60,000 $90,000 $75,000 
Corn (acre) 200 286 200 
Wheat (acre) 120 180 143 
Meadow (acre) 17 15 20 
Corn sold (bu. ) 2263 12900 
Pigs produced (head) 1144 1022 1302 
Capital borrowed ($) 67694 96267 76915 
Land purchased (acre) 187 370 265 
Hog Facilities Built (head) 602 526 621 
Tractor Purchased Yes Yes Yes 
Combine Purchased No Yes No 
Large Cash Grain Farm 
$50,000 
305 
178 
26 
1957 
1662 
63614 
0 
973 
Yes 
Yes 
I-' 
N 
~ 
H 
Vl 
Vl 
0 § 
>-Q 
I'd 
n 
c::: 
t-< 
..., 
c::: 
I'd ;,. 
t-< 
t:r1 
:>< 
'"0 
tt1 
I'd 
H 
~ 
tt1 
Z 
..., 
en 
..., 
;,. 
..., 
H 
0 
Z 
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on many farms. However, they may use labor in competition with more prof-
itable enterprises and, if so, maintaining a herd will reduce income. 
The shadow prices (marginal value products) computed as the dual solution 
of a linear programming problem give the return that can be expected from in-
creasing the availability of some limited resource. Those computed for the limited 
resources of all four representative farms with the capital availability limited to 
that typically available are given in Table 4. Cropland for rowcrops, capital, hog 
farrowing and feeding facilities, and spring labor were limiting resources on all 
or some of the farms and had high shadow prices, i.e. , increasing the level of any 
of these resources would result in substantial increases in gross profits. 
The shadow price for cropland on the large cash grain farms was zero be-
cause all the land was not completely utilized. There was not sufficient capital to 
increase hog production to the level found to be profitable and to simultaneous-
ly use all the land (or labor ) available. Capital was very limited as the shadow 
price of $0.65 indicates; the addition of one dollar of available capital would add 
65 cents to the gross profits-a return of 65 percent. With capital so limiting, 
other resources could not be used effectively and therefore had relatively low re-
turns. 
The shadow price of capital for the large hog farms is lower than the cost 
of borrowed capital. The purchase of the combine and tractor causes the return 
on the capital at the margin to be less than its cost, that is, the return for the 
last dollar of capital used is less than its cost. The purchase of equipment is an 
integer activity and requires a large lump sum outlay. Total returns from making 
the lump sum payment are greater than they would be without it and are greater 
than the outlay. Since the outlay is indivisible it is profitable although the mar-
ginal value of the output would be less than the marginal cost of the input for 
any additional small units of capital made available. 
It should be noted, however, that the computed shadow prices in solutions 
with some activities forced to integer values may be misleading. When an activ-
ity is forced back to an integer level, some resource that was limiting would be 
partially unused. Therefore, its shadow price would be reduced to zero and the 
return once imputed to it becomes incorporated in the shadow prices of other 
limited resources. Thus, a resource which should have a shadow price does not 
while others are overvalued. 5 
IMPLICATIONS AND CONCLUSIONS 
Integer or mixed integer programming appears to have a great potential for 
investigating machinery investment problems where the inputs are discontinuous. 
, Sources cited in the bibliography give greater derail on shadow prices in integer programming. See, for in-
stance, Baumol, Economic Theory and Operatiom Analysis. 
TABLE 4--MARGINAL VALUE PRODUCTS FOR LIMITED RESOURCES IN TIlE INITIAL PLAN 
Resource 
Cropland 
Hay 
Meadow 
Row Cropland 
Farrowing Facilities 
in Quarter 1 
Farrowing Facilities 
in Quarter 4 
Capital 
Early Spring Labor 
Pig Feeding Capacity-Q1 
Pig Feeding Capacity-Q2 
Pig Feeding Capacity-Q4 
Medium Cash Grain Farm 
21.13 
.79 
25.19 
89.60 
13.81 
17.23 
.25 
Medium Hog Farm 
22.77 
.80 
26.65 
91.40 
12.06 
15.73 
.19 
2.38 
.89 
Large Cash Grain Farm 
5.29 
20.98 
31. 03 
.65 
1.15 
.52 
Large Hog Farm 
7.24 
.51 
10.80 
64.37 
8.52 
10.77 
.035 
5.63 
.17 
I-' 
,j>. 
~ 
H 
U> 
U> 
o 
c:: 
~ 
>-Cl 
i'O 
n 
c:: 
ti 
c:: g: 
r< 
to 
:x! 
~ 
i:: 
t'!1 
Z 
.., 
~ 
~ 
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The study reported on in this bulletin investigates the effects of the inclusion of 
machinery investment alternatives on a farm planning procedure where land pur-
chase also is an alternative and where capital is limited as it might be in typical 
farm situations. Varying the level of capital by increasing borrowing limits allows 
the determination of levels of capital required to finance the larger farm business 
that increased sizes of machinery require. 
The results indicate that only larger and better financed farms have sufficient 
funds available within standard borrowing limits to carry out the simultaneous 
expansion of acreages operated and purchase of larger machinery. Both activities 
are required to effectively utilize available resources on all but the larger farms. 
On larger farms it may not be necessary to add land to efficiently utilize larger 
equipment. However, large amounts of capital are required for purchasing the 
machinery, and capital may be restrictive enough to prevent such investments. 
These results were obtained under the assumption that farmers could and 
would operate an efficient livestock enterprise if profitable to do so. The use of 
larger equipment enabled a sufficient saving of labor in cropping activities so 
that greatly expanded livestock enterprises (hogs in this case) could be handled, 
too. If a farm is restricted to cash grain production, by preference or for other 
reasons, the use of larger equipment probably would require an even larger acre-
age to fully utilize the labor made available by substitution of capital in the form 
of larger machinery for labor. 
On many typical farms, however, there is not sufficient capital available 
under usually standard lending procedures which limit loans to about 50 percent 
of equity. If such farms are to make the more profitable types of adjustment they 
must acquire sufficient capital to both enlarge their acreage base and acquire the 
larger equipment to utilize it. Inability to do so may result in intensification of 
crop and livestock operations on the currently operated acreage until sufficient 
equity or a credit base is established. Another alternative is to buy the machinery 
and rent land or buy it later. 6 
To carry out adjustments sufficiently profitable to justify purchase of the 
larger machinery frequently requires that the operator gain control of at least 
twice as many resources as currently used by the smaller farms included in the 
study. Many of the larger farms also need to add to their resource base to fully 
utilize already committed resources, but may not need to add land-at least if 
they are willing to produce livestock. In all cases studied the intensification and 
expansion of row crop production appear to be profitable adjustments. 
6 A study of farm consolidation in Iowa indicated that farm units acquiring additional land usually had suffi-
cient equipment to handle the added acreages, i.e., they had had excess capacity. See Randall A. Hoffman and 
Earl O. Heady, Productive, Income, and &sources Changes from Farm Consolidation, Iowa State University Experi-
ment Station Research Bullerin 502, February, 1962. 
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APPENDIX TABLE I 
COST AND PRODUC TION COEFFICIENTS USED FOR PROGRAMMING 
Corn 
Wheat 
Soybeans 
Hay 
Corn Yields per Acre 
Bushels 
Bushels 
Bushels 
Tons 
Beef Cattle Requirements per Head 
Beef Cow Producing a Feeder Calf: 
Protein 
Corn 
Hay 
Pasture, Stalks 
Stubble 
Calves Fed Without Silage: 
Cwt. 
Bushels 
Cwt. 
Cwt. Hay 
Equivalent 
100 
40 
40 
3 
.98 
4. 8 
30.0 
69.89 
Drylot 
(620 lbs. gain) 
Pasture 
(670 lbs. gain) 
Protein Cwt. 
Corn Bushels 
Hay Cwt. 
Pasture Cwt. Hay 
Equivalent 
3.22 
53.8 
16.18 
2.5 
56.0 
13.4 
22.0 
Hogs per Litter Farrowing in Quarters Indicated 
Portable Farrow and Feed in Quarter: 
Quarters 
1 2 3 
Protein Cwt. 11.86 11.86 12.3 
Corn Equivalent Bushels 106 105.9 112.1 
Pasture Days Animal Unit 
Days 20 25 19 
4 
11.68 
108.4 
15 
17 
18 
Crops: 
Wheat/Acre 
Soybeans/Acre 
Corn/Acre 
Livestock: 
Hogs/Litter 
Q1 
Q2 
Q3 
Q4 
Feeder Calves 
MISSOURI AGRICULTURAL EXPERIMENT STATION 
APPENDIX TABLE I (continued) 
Total Revenue Minus Total Variable Cost for: 
3-Plow Tractora 
49.61 
60.87 
70.87 
219.24 
191. 48 
183.95 
217.29 
Feed Calves in Drylot 
90.00 
198.62 
Corn 
Wheat 
Soybeans 
Variable Cost for Crops per Acre 
3 - Plow Tractor 
29.13 
22.79 
18.73 
5-Plow Tractorb 
48.91 
60.17 
69.77 
5-Plow Tractor 
31. 23 
23.49 
19.43 
aThe equipment that was included with a three-plow tractor was a ten-foot 
wheel disk, a four-row corn planter, and two-row picker, and a six-foot PTO 
Combine. 
bThe equipment that was included with a five-plow tractor was a twelve-foot 
wheel disk, a four-row corn planter, a two-row picker-sheller, and a nine-foot 
self-propelled combine. 
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APPENDIX TABLE II 
LABOR REQUIREMENTS USED FOR PROGRAMMING 
Corn/Acre 
Soybean/Acre 
Wheat/Acre 
Meadow/Acre 
Hay Harvest/Ton 
Quarter 1 
14.72 
Crop Requirements - Annual Man Hours 
3 - Plow Tractor 
2.69 
2.34 
1. 87 
1. 52 
3.23 
Beef Cattle Requirements - Man Hours per Head 
Beef Cows with Herd Size Varied 
Small 
20 
Drylot 
Medium 
16 
Calves 
Large 
14 
12.06 hours/head 
Hog Requirements - Man Hours per Litter 
Portable Farrow, Pasture Feed 
Quarter 2 
15.02 
Quarter 3 
13.97 
5-Plow Tractor 
2.38 
2.03 
1. 56 
1. 23 
3.23 
Quarter 4 
13.67 
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APPENDIX TABLE ill 
PRICES USED TO CONVERT PHYSICAL UNITS TO 
DOLLAR VALUE FOR THE PROGRAM 
Hog Supplement $ 5.79 per ewt. 
Beef Supplement 4.28 per ewt. 
Soybean Oil Meal 4.39 per ewt. 
Tankage 5.67 per ewt. 
Alfalfa Meal 2.75 per ewt. 
Nitrogen Fertilizer . 112 per pound 
P 20 5 .088 per pound 
K20 . 039 per pound 
Lime 3.93 per ton 
Hogs 15.50 per ewt. 
Feeder Pigs 24.70 per ewt. 
Beef Cattle 20.00 per ewt. 
Corn 1. 00 per ewt. 
Soybeans 1. 99 per ewt. 
Wheat 1. 81 per ewt. 
Labor 1.10 per hour 
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APPENDIX TABLE IV 
RESOURCES AND ORGANIZATION OF MEDIUM SIZE FARMS 
IN NORTHEAST MISSOURI - 1962 
Number of Farms 
Total Land (Acres) 
Cropland (Acres) 
Permanent Pastureland (Acres) 
Full Owners 
Part Owners 
Tenants 
Crops: Corn (Acres) 
Soybeans (Acres) 
Wheat (Acres) 
Hay (Acres) 
Net Corn Sale (Bushels) 
Farrowing Capacity (Sows) 
Sows (Head) 
Pigs Farrowed (Head) 
Feeder Calf Limit 
Beef Cows (Head) 
Feeder Cattle Purchased (Head) 
A verage Number of Tractors 
Combine 
Corn Picker 
Balers Owned? 
Labor Available (Man-Months) 
Seasonal Habor Hired (Days) 
Assets ($) 
D(;bts ($) 
Cash Grain Farme; 
16 
251.8 
193.9 
43.9 
3 
7 
6 
34.2 
79.2 
13.4 
14.0 
1,395.0 
4 
5 
30 
37 
7 
o 
2 
6' PTO 
2 row 
No 
13.7 
9.5 
35,527 
2,335 
Hog Farms 
22 
291.5 
187.3 
94.7 
7 
10 
5 
61 
22.9 
8.2 
21 
-329 
15 
23 
297 
53 
16 
6 
2.2 
6' PTO 
2 row 
Yes 
16.6 
7.9 
45,092 
2,414 
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APPENDIX TABLE V 
RESOURCES AND ORGANIZATION OF LARGE SIZE FARMS 
IN NORTHEAST MISSOURI - 1962 
Number of Farms 
Total Land (Acres) 
Cropland (Acres) 
Permanent Pastureland (Acres) 
Full Owners 
Part Owners 
Tenants 
Crops: Corn (Acres) 
Soybeans (Acres) 
Wheat (Acres) 
Hay (Acres) 
Net Corn Sales (Bushels) 
Farrowing Capacity (Sows) 
Sows (Head) 
Pigs Farrowed (Head) 
Feeder Calf Limit 
Beef Cow (Head) 
Feeder Cattle Purchased (Head) 
A verage Number of Tractors 
Combine 
Corn Picker 
Balers Owned? 
Labor Available (Man- Months) 
Seasonal Labor Hired (Days) 
Assets ($) 
Debts ($) 
Cash Grain Farms 
16 
655 
509 
139 
1 
13 
2 
159 
183 
32 
33 
5,592 
11 
13 
114 
46 
20 
2 
2.6 
9' SP 
2 row 
Yes 
25.9 
43.2 
88,476 
39, 707 
Hog Farms 
24 
599 
420 
160 
7 
12 
5 
104 
63 
22 
52 
-1,270 
28 
44 
662 
70 
36 
6 
2.9 
6' PTO 
2 row 
Yes 
27.1 
29.9 
97,519 
20,353 
